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ABSTRACT 
Obstructive sleep apnea (OSA) is a condition in which an individual stops breathing for 
two to ten seconds though respiratory efforts continue, such as movement of the chest. 
Obstructive sleep apnea syndrome (OSAS) occurs when a child experiences OSA for more than 
thirty times during a seven-hour sleeping period. 
OSAS is a disease that is still very much a mystery to the medical community. Current 
testing processes are very intrusive and require a series of tests taken in a sleep lab. In order to 
help in making the diagnosis of OSAS less invasive and more effective way, we will redesign the 
an existing anatomically correct but rigid physical model of the airway simulates flow limitation 
and airway collapse in individuals who are prone to OSA. 
Until recently, little is known about OSA, although there’re mathematical models of OSA 
and studies developed, nothing much could be achieved without an mechanical model simulating 
OSA that contain a collapsible airway and proper feedback of the system. Currently, a 
mechanical model, which is developed by last year’s senior design team, is available and 
provides a basic concept although it did not contain a collapsible airway and feedback control on 
the system. 
We will redesign the existing model by adding an upper airway, to be collapsible by using 
less rigid and more human-like tissue by using such materials as silicon or hydrogel. While 
considering the materials and shape of the model, we will take into account its accuracy (note 
that exactly which parts of the upper airway cause OSA is still controversial), cost-effectiveness, 
practicality, as a result, several consideration will also be included. 
Also by adding more parts to the model that would take into account its dynamic 
features: actual breathing patterns, normal versus OSA type airflow and pressure conditions. Our 
new design will include pressure measuring and controlling capability inside and outside the 
dynamic upper airway that is part of a closed-loop feedback. By adjusting these two pressures, 
we will create a collapsed upper airway and duplicate the OSA condition. We will also simulate 
the early stage of the OSA but prevent a further collapse of the airway. We will adjust the internal 
pressure so that it drops gradually, but as soon as sensor detects the difference between the 
normal breathing pressure and measured pressure within the upper airway, this data will be fed 
back to computer by data acquisition program, and the computer will automatically instruct the 
motor to adjust according to the deviation to create stability and prevent further collapse. 
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1. INTRODUCTION 
1.1 Problem Background 
Obstructive sleep apnea (OSA) is a condition in which an individual stops breathing for two 
to ten seconds though respiratory efforts continue, such as movements of the chest. Obstructive 
Sleep Apnea Syndrome (OSAS) occurs when a person experiences OSA for more than thirty 
times during a seven-hour sleeping period. Obstructive sleep apnea is most prevalent in children 
age’s two to eight, which coincides with the age when the adenoids and tonsils (see Appendix I) 
are largest in relation to the underlying airway size. 
Craniofacial abnormalities [1], upper airway anatomy, pharyngeal (see Appendix I) muscle 
control, ventilatory/respiratory control by the brain, lung volume, surface tension in the airway, 
the ability to arouse from sleep have all been implicated as possible factors in sleep apnea. [2] 
Surface tension in the occluded airway explains why the “pressure required to open an 
[obstructed] airway is greater than that required to collapse it.” [2] “A small or collapsible 
pharyngeal airway is central to the pathogenesis of OSA.” [3] 
Imaging studies have implicated a number of different areas in the creation of sleep apnea: 
soft palate, tongue, parapharyngeal fat pads and lateral pharyngeal walls due to the increase in 
their cross-sectional areas and volumes (see Appendix I) [1]. The most likely site of upper airway 
collapse is in “the pharyngeal segment between the tip of the soft palate to the glottic inlet,” 
particularly involving the retropalatal and retroglossal regions. [1] The site of collapse differs not 
only between different individuals, but also for the same person. [1] Studies have found that the 
“closing pressure (Pcrit) is greater than atmospheric pressure in patients with sleep apnea” and 
the fact that the “airway caliber is the smallest at the end of expiration [because] it is no longer 
maintained open by the . . . action of the upper airway dilator muscles . . . or positive 
intraluminal pressure.” [1] This suggests that the “airway closure occurs during expiration 
(positive atmospheric pressure).” [1] 
It is also important to note that “[b]ecause of the complicated arrangement of the muscles as 
well as the varying sleep states, it has not been possible to precisely define whether the collapse 
is due primarily to altered neural or mechanical control, or a combination of both.” [1] It is 
possible to ignore the neural activity and solely focus on the collapsible behavior of the upper 
airway when considering the effects of intraluminal (inside airway) pressure on flow in upper 
airway. [1] The modeling the upper airway with collapsible segments with rigid sections 
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(upstream: nasal passages and downstream: hypopharyngeal segment) bordering it has the 
following similarities to the actual airway: “changes in pressure downstream do not influence the 
maximal flow through the system once the flow-limited condition exists,” maximal flow in a 
collapsible tube is determined by the following equation flow= (Pn-Pcrit)/Rn where Pn is the 
upstream nasal pressure, Pcrit is the pharyngeal critical pressure, Rn is the nasal resistance. [1] 
Using the model, it is possible to characterize distinct (closely linear) pressure-flow relationships 
for different physiological states, including apnea. [1] 
1.2 Problem Statement 
Current testing processes are very intrusive and require series of tests taken in a sleep lab. 
In order to make the diagnosis of OSAS less invasive and more effective, an anatomically similar 
physical model of the airway had to be made. The previous year’s senior design team constructed 
a basic airway model, which has a simple piston (see figure A1 in Appendix A) which represents 
the lungs. This model, however, lacks some key features required in the study of sleep apnea. It 
has rigid airway, which will not collapse, and it does not have feedback system. Thus this model 
only allows the study of pressure and velocity distributions in airway structure assuming airway 
will not deform due to any conditions. Current model uses two different programs (MicroLynx 
and LabView) to control the system and to acquire data respectively. An integrated program that 
does both tasks is required because MicroLynx and LabView are not compatible with each other. 
1.3 Objectives 
We want the model to have a control feedback features, to be magnetic resonance (MR) 
compatible, to have a portion (representing the upper airway) that is collapsible (which would 
model the main feature of OSA). Flow rate of the fluid entering and leaving the airway structure 
will be controlled by the feedback system. By implementing feedback feature, the system will 
behave similarly to the human respiratory system when airway collapses. System components 
will be carefully selected so that software, which would control the system and acquisition data, 
can be integrated. By inspecting magnetic resonance images (MRI) of the airway structure model, 
medical communities can learn more about OSA. 
2. STATEMENT OF WORK 
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2.1 Method of Solution 
Outline of design steps will be as following: 
1. Understand the current airway model system. 
2. Airway Design 
a. Design Parameters and Variables Ranges 
b. Concept Design 
c. Piping 
d. Material Selections 
e. Specification of Control Systems 
3. Feedback Control Design 
a. Concept Design 
b. Analysis of current parts for reusability 
c. Implementation of Feedback 
4. Manufacture 
5. Test and Validate 
6. Redesign (If required) 
Understanding of Current Model 
Current model, which was designed by previous year’s senior design Team, uses 1:1 scale 
airway with air as the working fluid. See Appendix A. Airway is rigid. Fluid is pumped by a 
piston, which is driven by a motor. Drawbacks of this design with respect to our objectives are: 
the airway will not collapse, the piston will keep supplying assigned amount of fluid to airway 
structure, and the computer will not provide feedback. By not collapsing the airway, the study 
will be limited to only pressure and velocity distributions inside the airway. Also, this model 
obeys the common sense notion that the amount of air one breathes in must be breathed out. 
Airway Design Parameters and Variables Ranges 
Human body parts are very complex, and no machines will behave the exactly same way 
as human body parts. However, by setting proper parameters and assumptions, the simulation of 
human body part can be studied within the certain ranges and based on certain 
conditions/assumptions. Following are our key assumptions on our airway design: 
i. Airway behavior will be studied from nasal area to larynx without the effects of the 
tongue and the oral breathing. 
ii. Airway will be a constant cross-sectioned tube. 
Also some of our key parameters and variables are as follow: 
i. Pressure change between internal and external flow will cause the airway to 
collapse. The relationship between pressure change and cross section change for 
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our simulation should be similar to published data. 
ii. Inside diameter of airway will be calculated from below equation which is used for 
sizing Endotracheal tube for children. Thus assuming the tube diameter is 
corresponding to the children’s airway size. 
a. D = (16+age)/4 [mm], for example, at age of 4, diameter is 5mm 
iii. Flow Rate Q = 19 (ml/s-year) * age + 14 (ml/s) 
iv. Following pressure ranges will be used to perform the simulation for both healthy 
case and apneic case. 
a. Healthy airway ± 1 cm H2O 
b. Apneic airway ± 25 cm H2O 
Concept Airway Design 
To simulate the collapsing of the airway, the most important aspect of our design is the 
flexible airway wall, which collapses when Pcrit is reached. With consideration of above 
parameters and variables, the design options are shown in Appendix B. 
Our primary design for airway is very similar to the starling resistor. A rigid cover will 
be used to hold the shape of the airway as circular cylinder as stated in assumption section. The 
structure will consist of a rigid cover with a pressure chamber and flexible inner lining, which 
will be glued to the cover wall. By pressurizing or depressurizing the chamber, the flexible 
lining will be moving in radial direction. One-quarter portion of the chamber will be rigid in 
order to go with our spine assumption. In pressure chamber, all flexible walls will be moving 
during simulation. 
One of the problems we have faced during airway designing is the problem with airway 
structure size. If we are using the air as our working fluid and go with 1:1 scale, slight defects 
during manufacturing and assembly process can alter the simulation data. Also data acquisition 
components are more expensive for reading small scale of data. Thus dynamic scaling of airway 
structure size was considered with possibly using water as our working fluid. Reynolds number 
and Womersley number will be used to determine the new scale of airway structure. Other 
design options will be considered as alternative solutions if they can simulate the collapse of 
airway. More discussion will be followed in alternative solution section. 
Piping 
Tubing or piping between airway structure and pump is important in our design. 
Appropriate tubing material and method will be selected to eliminate the leakage in pipe 
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transitions, and also to minimize the resistance from piston to the airway structure. For MR 
testing purpose, longer tubes will be selected. 
Material Selection 
Material selection is one of the most important aspects of our airway design. Material 
selected must have enough flexibility to undergo collapse in the airway model. Key factors, in 
choosing the materials, are the material’s elasticity compared to human tissues and expandability 
compared to when negligible force is applied to it. Rubber, silicon, and hydrogel are our material 
options, which all are flexible materials meeting our flexibility requirements. Polyvinyl alcohol 
(PVA) is an example of a hydrogel. For our material decision matrix, see Appendix D. 
Besides wanting the material to be flexible, we want it to be magnetic resonance (MR) 
compatible, easily manufactured. We do not want it to cost too much or to be biohazardous. MR 
compatibility means that we do not want the object to move (at least as far one can see) in the 
magnetic field that would be used to compare our model of OSA to pictures of OSA in humans. 
The material also should have realistic MR contrast with the air in the airway. 
Specification of Control System 
The airway parameters and airway design will affect our specification of controls, for 
example, if we use water instead of air to be in our model airway, there would be larger pressures 
drops inside the airway during collapse. Also, based on which fluid we choose to be in our model 
airway, we would have to choose several parameters such as volumetric flow which would 
require different size piston and motor. General design of our control system consists of three 
motors, three pistons, a computer, four pressure transducers and a motor driver. One motor will 
be controlling the internal pressure of the airway acting as a lung. Another motor will be 
controlling the internal pressure of the chamber for collapsibility. Three pressure sensors will be 
used to make measurements at the entrance of the airway, inside the chamber, and end of the 
airway after collapsible area. 
Analysis of current Parts 
Current control system was developed by the last year’s senior design group and it only 
considers completely open airway system. Its design is very simple consisting of one motor, one 
- 7 -
integrated controller/driver, one piston and one pressure transducer. Basic design of the current 
control system is shown in Appendix A. Basically piston is operated by motor, which is 
controlled by integrated controller/driver called MicroLynx -4/7. The programming language 
called LYNX is used to make instructions for controller. Currently velocity is set to 2in/sec and 
displacement is set to 2in. 
While the piston is pumping air, pressure transducer will take measurements and 
LabView program is used to take measurements and generate a graph of the pressure versus time. 
Measurements from pressure transducer will not directly be linked to computer because the 
sensor output are in AC voltage, while the computer boards only operate within a certain DC 
voltage. This means that a demodulator will be required to demodulate, amplify, and filter the 
sensor output to produce +/- 10V dc analog output. Since the airway is completely open, flow 
rate will be constant, and thus will ideally produce a perfect sinusoidal wave. This current control 
system will be changed to a closed-loop feedback system, which will implement collapsibility. 
Feedback Control Concept Design 
The control system will be changed to a closed-loop feedback system. When there is a 
collapse in the airway, pressure from the collapsing portion will go up which will lead to 
difficulty in breathing and when that pressure reaches a maximum pressure, Pmax, the piston must 
decelerate to produce less pressure because of less flow rate in the airway until collapsed airway 
reopens again. 
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Above is the basic diagram of the control feedback system for now and it will change as 
we get more understanding on our system. The control system will first run at a normal mode in 
which the controller assumes the airway is completely open thus applying a constant pressure to 
the piston that controls the internal pressure which would apply a constant velocity to produce a 
constant flow of water or air. Two pressure sensors located at the entrance of airway 
(representing nose or mouth), and at the end of the airway after the collapsible area, respectively, 
will take measurements, which will be taken to a data acquisition program to generate two 
separate sinusoidal waves of pressure versus time. The controller software, program that instructs 
the controller, will take the first pressure sensor’s measurement and will compare it with the 
maximum pressure. If that value is lower than Pmax, then it will continue with the same velocity 
and path (path 1), but if that value is higher than Pmax, then the controller will select another path, 
path 2, which involves adjusting the piston to decelerate in order to reduce the pressure. 
Controller follows path 2 if any one of two pressure measurements goes above the maximum 
pressure. It will follow either paths 1 or 2, depending on whether either of the two internal 
pressures is larger than the maximum pressure. Also, the external pressure to the collapsible 
region(s) will be directly proportional to the two internal pressures. In order to collapse the 
airway external pressure must be greater than the internal pressure. The user will be able to 
control the external pressure using a simple program. 
Implementation of Feedback 
We first consider the controller, motor drive, motor in implementing the feedback control 
system. According to the decision matrix for choosing motor, controller, and motor drive in 
Appendix D, the part with highest score is the product from Galil motion control, which provides 
integrated motor/controller/drive. Since cost of separate equipment is much more expensive than 
cost of integrated design, integrated design will be chosen. Cost and compatibility are considered 
as the most important factors in choosing the right motor/controller/driver. Digital position 
encoder will also be integrated to this design since position of the piston is another important 
parameter needed for the feedback system which can be implemented most effectively and 
quickly by using a machine. Software compatibility is one of the most important features. In 
order to design a closed-loop feedback system, each module must link with another in order to 
receive the necessary parameters. If we choose to use LabView to collect measurements from 
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pressure transducer, then the program controlling the motor must be compatible or linkable with 
LabView since those measurements are needed for feedback. The motor/drive/controller from 
Galil motion control uses the program C series which is compatible with LabView. It is very 
important to choose the right pressure transducers since the pressure measurement is the most 
important parameter that we need for feedback system. According to decision matrix for 
choosing pressure transducer in Appendix D, we have decided to purchase pressure transducer 
from Omega Engineering Inc. The most important aspect of our decision in deciding the 
pressure transducer was price. After intensive researching, we have narrowed the choices down 
to three manufactures. All three products had close range of pressure, input/output voltage, 
accuracy, and responds time. But mostly importantly there was price difference. The product 
from Omega Engineering Inc was the cheapest and fitted best for our budget and system design. 
Manufacture 
Manufacturing of our airway structure will be done within our group in order to minimize 
the cost. With such Drexel University resources as the Hess Lab and the machine shop, 
manufacturing will take place by machining parts then assembling them with help of all group 
members. 
Test and Validate 
Testing and validation will take place once the whole system gets completed. Several 
tests will be done which will validate our airway behavior and control/feedback behavior. In 
order to validate the airway structure behavior, the pressure area change graph will be compared 
to the published one as stated in assumptions section. A standard of control/feedback is yet to be 
determined by more research on human breathing system. 
2.2 Alternative Solutions 
The other options that are proposed can be used as alternative solutions only when they 
are capable of simulating the collapse of the airway structure. First alternative option of airway 
structure is a slight variation of our primary design but with two degrees of freedom. This option 
is a rigid cylinder with four holes, facing north, south, west, and east, and a flexible lining 
outside of the rigid cylinder. A rigid material would tightly cover each of the holes along with the 
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flexible lining and would form a pressure chamber which would be airtight. Pressure would be 
pumped when necessary to the region between the flexible lining and the rigid material that 
covers a hole in the airway structure. 
Alternative solutions for choosing motor are all the motors with scores less than top 
scores. Motor, drive, and controller from National Instrument is high in performance, and it is 
perfectly compatible with the data acquisition program; however, it will be an alternative 
solution because the price is too high. It is the highest among another five. The next motor is the 
current motor drive/controller integrated version from IMS. The cost of the parts is moderate, 
and the performance is enough to push the fluid through the piston. However, this product uses 
LYNX program for controlling motor, and LYNX is not compatible with LabView. In order to 
build a closed-loop feedback control system, the program for controller and data acquisition must 
be compatible and linkable. Other three companies, Parker Hannfin Inc, Torque Systems, and 
Oriental Motor USA Corp, provide motor drive and controllers that could be alternative or main 
solution to our project. Their software compatibility is not known so far and more research must 
be done. 
3. PROJECT MANAGEMENT 
3.1 Individual Responsibilities 
Activities are assigned according to each member’s specialties or field of studies. Details 
of individual responsibilities are included in appendix. See Appendix F. 
3.2 Project Timeline 
Activities of the project are scheduled as shown in appendix G. Many future activities are 
tentatively scheduled. As project progresses, this timeline will be refined. See Appendix G. 
4. BUDGET 
One of our major challenges is to accomplish our objectives given a minimal budget, 
provided by funding from Children’s Hospital of Philadelphia. For the collapsible airway, we’ll 
need an inner tube made of P VA or silicon, an outer casing tube made of a plastic, possibly 
polyvinyl chloride (PVC). In addition, we’ll also need some tubing for connections from the 
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pistons to the pressure chamber and airway. For the control feedback system, we’ll need three 
pressure transducers, a position encoder, and a controller. 
We are not sure at this point about the cost for manufacturing. Although there are 
approximately 20 hours of free Hess lab usage, extra lab time may be needed. For more 
information about budge, see appendix H. 
5. SOCIETAL, ETHICAL, AND ENVIRONMENTAL IMPACTS 
There are minimal impacts upon the environment and ethical issues due to our project 
and its applications. By careful selection of the materials, the environmental impacts will be 
reduced. This product will be used as a research tool for sleep apnea, thus this product will be 
primarily used in laboratory environment. In order to minimize the safety hazards, the product 
will have safe physical designs. This can be done by having rounded corners instead of sharp 
corners and shatter-free materials. Also piping must be organized in order to prevent accidents. 
There are multiple impacts upon society. Until very recently OSA has gone largely undiagnosed 
in all but the most extreme cases. While very mild cases are not life threatening, they can result 
in fatigue due to interrupted sleep. The estimated 2% of children and some 30 million Americans 
overall, as well as patients from around the world, stand to benefit from research into OSA. Our 
physical model can verify computer data from real patients as well as helping to lead in 
developments in the fields of diagnosis, treatment and cure of OSA. 
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APPENDIX A Current Airway System 
Figure A-1. Current model with Transformer, Controller, Motor, and Piston. 
Figure A-2. Current rigid airway. Pressure sensor locations are fixed. 1 is near nostrils and 2 is near Larynx. 
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APPENDIX B Airway Concept Design 
3D View 
Figure B-1. Airway Design 3D View. Y is the direction of flow. Red pipe is the flexible wall inside the airway 
structure. Hole on the top of the bigger cylinder is the pressure chamber inlet. Regions where inner lining and rigid 
case meet will be bonded so that they will have no leakage of air that is supplied to the pressure chamber. 
VL 
\ \ \ \ < 
\ \ \ , v \ y > y 
Front View Side View 
Figure B-2. Airway Design Front and Side Views. 1 is the flow inlet section, 2 is the outlet section, 3 is the external 
pressure chamber, and 4 (Red) is the flexible lining. 
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APPENDIX C Decision Matrices 
Material Selection Matrix 
Material 
(inner 
tube) 
PVA 
hydrogel 
Silicon 
Rubber 
Wood 
PVC 
Cost 
2 
4 
5 
4 
3 
Easy to 
manufacture 
1 
4 
5 
4 
5 
Smoothness 
5 
4 
2 
N/A 
N/A 
Elasticity 
5 
4 
4 
3 
5 
MR 
compatibility 
5 
5 
4 
3 
4 
Total 
Score 
18 
2 1 
20 
14 
17 
Motor/Controller/Drive Matrix (Score Ranges from 0 to 5 with 5 being the best) 
Product 
Company 
IMS 
National 
Instrument 
Galil 
Motion 
Control 
Parker 
Hannfin 
Inc 
Torque 
Systems 
Oriental 
Motor 
USA Corp 
Cost 
5 
0 
3 
1 
3 
2 
Size 
4 
0 
3 
4 
4 
4 
Compatibility 
0 
5 
5 
N/A 
N/A 
N/A 
Resolution 
3 
4 
2 
3 
3 
4 
Performance 
2 
4 
2 
3 
3 
2 
Total 
Score 
14 
13 
15 
1 1 + 
1 3 + 
1 2 + 
Pressure Transducer Decision Matrix 
Manufacturer 
Omega 
Validyne 
Ashcroft 
Price 
3 
1 
1 
Availability 
1 
1 
1 
Pressure 
Range 
2 
2 
2 
Accuracy 
1 
2 
1 
Response 
Time 
1 
2 
1 
Total 
Score 
10 
6 
6 
- 15 -
APPENDIX D Responsibility Chart 
Sean Kim - Mechanical Engineer 
• Project Management 
• Airway Structure - Research & Concept Design & CAD Design 
• Group Meeting Reports 
Young Lee - Electrical Engineer 
• Feedback Control - Research & Design 
• Research on Pressure Transducers 
Alex Yi - Computer Engineer 
• Feedback Control - Research & Design 
• Research on Motor/Controller/Driver 
• Software Commend 
King Shiu - Mechanical Engineer 
• Material selection- Research 
• Actual upper airway- research 
• Budget management- Mem part 
Dmitry Sergeev- Electrical Engineer 
• Feedback Control - Research & Design 
• Research on Airway 
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APPENDIX E Project Timeline 
# T 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Tasks 
Team Formation 
Project Planning 
Pre Design Research 
Topic Slection 
Advisor Selection 
Project Research 
Airway 
Control Feedback 
Design Options 
Airway 
Control Feedback 
Design Summary 
Proposal Write Up 
10 Proposal Presentation Prep 
11 I Proposal Presentation 
[Weeks] 
Duration T 
5 
5 
5 
2 
2 
2 
2 
2 
1 
2 
1 
Start Date T 
9/22/2003 
9/22/2003 
9/22/2003 
9/13/2003 
10/27/2003 
10/27/2003 
11/10/2003 
11/10/2003 
11/17/2003 
11/24/2003 
12/8/2003 
End Date „ 
10/17/2003 
Fall 
1 2 3 4 5 6 7 8 9 10 11 F 
10/17/2003 
10/24/2003 
10/24/2003 
11/7/2003 
11/7/2003 
11/21/2003 
11/21/2003 
11/21/2003 
12/5/2003 
12/12/2003 
Figure G-1. Gantt chart for activities for Fall 2003/04 term. 
# , 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Tasks 
Prototyping Prep 
Order Materials and Parts 
Receiving Materials and Parts 
Building Prototype 
Airway Manufacturing 
Control Board and Airway Stands 
Computer Program Writing 
Progress Report 
Progress Report Write Up 
Progress Report Presentation 
Prototype A ssembly 
Airway Parts Assembly 
Control Board Assembly 
Piping 
Testing 
Flow Testing - check leakage 
Pressure Reading Testing - accuracy 
Integrated Simulation 
Design Report 
Design Report and Summary 
Final Design Presentation 
[Weeks] 
Duration , 
2 
4-
6 
3 
6 
3 
3 
4 
4-
2 
3 
3 
2 
3 
2 
Start Date , 
12/15/2003 
12/29/2003 
1/19/2004 
1/26/2004 
12/29/2003 
2/9/2004 
2/23/2004 
3/15/2004 
3/15/2004 
3/29/2004 
4/5/2004 
4/5/2004 
4/26/2004 
4/26/2004 
5/17/2004 
Break 
End Date , ( 1 2 3 
Winter 
1 2 3 4 5 6 7 8 9 
12/26/2003 1 
1/16/2004 [ 
2/27/2004 
2/13/2004 
2/6/2004 
2/27/2004 
3/12/2004 
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4/23/2004 
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Figure G-2. Gantt chart for activities for Winter 2003/04 term. 
J [Weeks] # ^ Tasks ^Duration , 
19 
20 
21 
22 
23 
24 
25 
Prototype Assembly 
Airway Parts Assembly 
Control Board Assembly 
Piping 
Testing 
Flow Testing- check leakage 
Pressure Reading Testing - accuracy 
Integrated Simulation 
Design Report 
Design Report and Summary 
26 Final Design Presentation 
4 
4 
2 
3 
3 
2 
3 
2 
Start Date , 
3/15/2004 
3/15/2004 
3/29/2004 
.4/5/2004 
4/5/2004 
4/26/2004 
4/26/2004 
5/17/2004 
Winter 
End Date J 10 F 
4/9/2004 
4/9/2004 
4/16/2004 
4/23/2004 
4/23/047 
5/14/2004 
5/14/2004 
5/28/2004 
B 1 2 3 4 
Spring 
5 6 7 8 9 10 F 
I 
l^^^^^ 
Figure G-3. Gannt chart for activities for Spring 2003/04 term. 
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APPENDIX F Budget 
H.1 Airway Structure Material 
PVC Tubing 
Silicon tube 
Polypropylene Sheet 
1/4" ID x 1/2" OD Air and Water Hose 
H.2 Motor/Controller/Driver 
Intelligent Motion Systems 
Integrated Controller/Driver 
*MicroLynx –4/7 
Galil Motion Control 
Integrated Controller/Drive 
DMC-1414 
Torque Systems 
Driver or Amplifier 
Brushless Motor 
National Instrument 
Low cost motion controller 
Driver 
Oriental Motor 
Motor/Driver/Controller Package 
H.3 Pressure Transducer 
Omega Engineering Inc. 
Validyne 
Ashcroft 
* we already have one 
$3.58 PER FOOT (3” DIAMETER) 
$6.15 (16 X60mm) 
$22.40 (1/4" x 10" x 10") 
$0.35 PER FOOT 
$417 – 517 
$795 - 995 
$325 – 625 
$351 - 458 
$895-1095 
$1795-2195 
$1212 
$185 
$495 
N/A 
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APPENDIX G MEDICAL TERMS 
Source: http://www.gasnet.org/airway/airway.gif 
adenoid: one of two masses of lymphoid tissue located at the back of the nose in the upper part of the throat that 
may obstruct normal breathing and make speech difficult when swollen 
cartilage: a tough, elastic, fibrous connective tissue found in various parts of the body, such as the joints, outer ear, 
and larynx. A major constituent of the embryonic and young vertebrate skeleton, it is converted largely to bone with 
maturation 
cricoid cartilage: a ring-shaped cartilage of the lower larynx that articulates with the thyroid cartilage and artenoid 
cartilages 
epiglottis: the thin elastic cartilaginous structure located at the root of the tongue that folds over the glottis to 
prevent food and liquid from entering the trachea during the act of swallowing 
esophagus: the muscular membranous tube for the passage of food from the pharynx to the stomach; the gullet 
eustachian tube: a slender tube that connects the tympanic cavity with the nasal part of the pharynx and serves to 
equalize air pressure on either side of the eardrum 
hyoid bone: U-shaped bone at the base of the tongue that supports the muscles of the tongue 
nasopharynx: the upper part of the pharynx, above the soft palate that is continuous with the nasal passages 
oropharynx: the part of the pharynx between the soft palate and the epiglottis 
pharynx: the section of the alimentary canal that extends from the mouth and nasal cavities to the larynx, where it 
becomes continuous with the esophagus 
soft palate: the movable fold that is suspended from the rear of the hard palate and closes off the nasal cavity from 
the oral cavity during swallowing or sucking 
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APPENDIX H MEDICAL TERMS (CONTINUED) 
tonsil: A small oral mass of lymphoid tissue, especially either of two such masses embedded in the lateral walls of 
the opening between the mouth and the pharynx, of uncertain function, but believed to help protect the body from 
respiratory infections 
trachea/windpipe: a thin-walled, cartilaginous tube descending from the larynx to the bronchi and carrying air to 
the lungs 
turbinate: Of, relating to, or designating a small curved bone that extends horizontally along the lateral wall of the 
nasal passage 
vallecula: a shallow groove, depression, or furrow 
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